The plant hormone cytokinin stimulates target caulonemata of Funaria to form buds that develop into the leafy gametophyte. Previous reports have shown that increases in intracellular Ca2+ occur during hormoneactivated budding concomitant with an alteration in the polarity of the organelles in the bud site. In order to ascertain the involvement of voltagedependent Ca2+ channels in this phenomenon, we have employed dihydropyridines (DHP), compounds noted for their ability to alter Ca2l flux through potential-sensitive channels. Addition of the DHP agonists (+ )2(2-791 and CGP 28392 (100 micromolar) induces bud initials on every target cell including the tip cell. Application of the DHP antagonist (-)202-791, in the presence of cytokinin (1 micromolar benzyladenine), inhibits budding 96%. Similarly, nifedipine blocks cytokinin-induced budding 87% and its effect on budding can be inactivated with a pulse of ultraviolet light. These results are consistent with the idea that cytokinin induces the budding response by increasing Ca2+ entry through voltage-operated channels. We suggest that cytokinin activation of Ca2l channels is the first action of the hormone and that subsequent cytokinin-induced mechanisms are operating to maintain budding, since DHP-induced initials rarely develop into complete buds.
The plant hormone cytokinin stimulates target caulonemata of Funaria to form buds leading to the leafy gametophyte. Previous reports (1, 19) have shown that an increase in intracellular membrane-associated Ca2 + occurs during hormone-activated budding concomitant with an alteration in the polarity of the organelles in the bud site. In addition artificially increasing [Ca2+ ]i3 with the ionophore A23187 induces bud initial formation in the absence of exogenous cytokinin, while growing cells in Ca2 + -free medium abolishes budding (20) . These data suggest that cytokinin elicits its cellular response (Fig. 3 versus Fig. 5 ) Subculturing the protonema in medium lacking agonists reversed the effects and gave rise to normal cells (Fig. 6 ). 
DISCUSSION
The results presented here are consistent with the idea that cytokinin-induced budding in Funaria is due to the hormone's ability to increase Ca2 + flux through voltage-operated channels. The Ca2+-channel agonists (+)202-791 and CGP 28392, in the absence of hormone, stimulate initial formation on every target cell, while the antagonists (-)202-791 and nifedipine block cytokinin-induced budding. In addition, inactivating nifedipine with UV light returns bud formation to normal values. Although agonist-induced initial stages rarely differentiate further, they are competent to form buds when cytokinin is added to the medium.
We have previously reported, in an ultrastructural and morphometric analysis of cytokinin-induced bud formation, that the initial stages of budding closely parallel those of side branches, a tip growing system (1) . Maintenance of a Ca2+ gradient is a distinct feature of tip growing systems as evidenced by chlortetracycline fluorescence (11, 12) , autoradiography (5), and proton-induced xray microanalysis (13, 14) . In Funaria, cytokinin also induces a Ca2+-gradient in the presumptive bud site (19) . We maintain that cytokinin first induces a Ca2+ gradient via voltage-gated channels in the future bud site causing a repositioning of the polar axis of the cell. This alteration in the cell's polarity is manifested in a reorganization of the organelles into distinct zones in the bud site and the activation of tip growth perpendicular to the main axis of the filament (1). These gradients in Ca2l and organelle distribution are dissipated prior to the division cutting off the bud initial, as evidenced by the vibrating probe experiments of Saunders (18) and our ultrastructural data (1) , and diffuse growth is established. Since Ca2+ channel openers stimulate initial formation and these DHPinduced initials rarely, if ever, produce complete buds, we further stipulate that cytokinin activation of Ca2 + channels is the hormone's immediate action and that subsequent cytokinin-induced mechanisms are operating to maintain bud formation. These prolonged actions of cytokinin as yet remain unclear, but preliminary experiments suggest that components of the phosphatidylinositol cycle may play a key role in this process.
It is interesting to note that, like cytokinin, both Ca2 + -channel agonists and the Ca2+ ionophore A23187 induce budding exclusively in the distal region of the caulonema cell. While both the ionophore and DHP-agonist serve as vehicles for Ca2+ translocation across membranes, they are believed to act by different mechanisms: A23187 forms neutral membrane permeant complexes with Ca2 + that indiscriminately allow Ca2 + movement in the cytoplasm (8) while DHP stimulate Ca2+ flux through voltage-sensitive channels already in existence. If DHP alone stimulated initial formation, one may deduce that potential-sensitive channels associated with budding are limited to, or solely activated within, the distal portion of the cell. Since both compounds give virtually the same response, we feel that only the distal region is capable of responding to Ca2 + influx and that the cytoplasmic components here may be exclusively primed for bud formation. Conversely, a few studies have shown that ionophoreinduced responses are sensitive to the organic Ca2+ antagonists verapamil and D 600 (9, 16, 17) lending credence to the speculation that A23187 may activate voltage-dependent Ca2+ channels via a mechanism leading to membrane depolarization (9, (15) (16) (17) . If this is the case then either Ca2+ channels involved in bud formation are only operating in the distal portion of the cell, or only this area is capable of responding to changes in Ca2 + homeostasis. Regardless, ultrastructural observations show that one of the first morphological reactions to cytokinin is a realigning of the organelles exclusively in this portion of the cell (1). It appears that a Ca2+ flux, whether global or specific, is communicated to a specific cellular region where morphological events occur.
